Adsorbent prepared from Annona squamosa (custard apple) fruit shell (CAS) was successfully used to remove lead (Pb 2+ ) and cadmium (Cd 2+ ) from aqueous solution in a batch process. Adsorption studies were conducted on a batch process, to study the effects of contact time, initial concentration of metal ions, adsorbent dose CAS, pH and temperature. The optimum contact time and pH for the removal of Pb 2+ and Cd 2+ was 30 min and pH 5, respectively. Kinetic parameters of adsorptions such as pseudo-first order, pseudo-second order were determined. The maximum loading capacity of Pb 2+ and Cd 2+ was found to be 90.93 and 71.0 mg g À1 of the adsorbent, respectively. The equilibrium data were analyzed by the Langmuir and Freundlich isotherms. Langmuir model gives a better fit than the Freundlich model. The pseudo-secondorder kinetics was the best for the adsorption of Pb 2+ and Cd 2+ , by CAS (A. Squamosa) with good correlation. Thermodynamic parameters, such as standard free energy change (DG˚), standard enthalpy change (DH˚) and standard entropy change (DS˚), were analyzed. The results suggest that the CAS can be used as an effective, low cost, and eco-friendly green adsorbent for the removal of selected metal ions from aqueous solution.
Introduction
Heavy metal contamination due to rapid industrialization has been a major global concern. It is well known that the industrial effluents loaded with heavy metals have severe adverse effect on human and aquatic life. Their toxic nature on environment has resulted in the enforcement of stringent laws for maximum allowable limits in the water bodies [1] . Lead (Pb 2+ ) and cadmium (Cd 2+ ) among heavy metals are considered as most toxic and increase in disposal of these metals into water streams has been a continuous issue. Increased usage of cadmium and lead with increase in number of electroplating, pigments, metallurgy, battery industries as well as mining has set up severe environment contamination [2] [3] [4] .
The potential health hazards of Pb 2+ and Cd 2+ contamination have been extensively studied and paved way to various treatment processes for the removal of Pb 2+ and Cd 2+ from wastewater. The treatment process included precipitation, ion exchange, filtration, membrane filtration, electrochemical treatment, and reverse osmosis [5] . However, these conventional techniques have many disadvantages like less efficiency, *Corresponding author. 1944 *Corresponding author. -3994/1944 *Corresponding author. -3986 Ó 2013 Balaban Desalination Publications. All rights reserved.
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